Diabetes is a very frequent disease and it is estimated that its prevalence will continuously increase during the next two decades. The arteriosclerotic process in diabetic patients progresses earlier and more diffusely, and it is more accelerated in the diabetic patient than in the overall population. In diabetic subjects, acute myocardial infarction (AMI) and stroke are the leading causes of death, but the presence of arterial disease is not always detected before the development of the acute arterial event. Several times, AMI is asymptomatic or present nonspecific symptoms, and it is the initial form of presentation of coronary artery disease causing an important delay in initiating cardiovascular treatment in these patients. The purpose of this review article is to discuss how to screen and early diagnose the presence of coronary artery disease in asymptomatic diabetic patients, based on new available diagnostic resources. Currently, the most recommended technique used for screening coronary artery disease in these patients is myocardial perfusion scintigraphy or stress echocardiography because of greater sensitivity and specificity in relation to the exercise test. However, technological advances have enabled the development of new imaging diagnostic methods that are less invasive than conventional coronary angiography, and which gradually gain importance in the diagnosis of coronary artery disease as they show higher effectiveness with lower invasiveness and risk. Arch Endocrinol Metab. 2016;60(2):143-51
INTRODUCTION
C ardiovascular diseases are the leading causes of mortality of patients with DM2. Coronary artery disease (CAD) accounts for 75% of deaths and diabetes (DM) is referred to as a secondary cause of death in approximately 50% of death certificates that have as a primary cause circulatory disease (1). Haffner and cols. estimate that the risk of death in a ten-year period in patients with CAD and DM exceeds 70% and, in his comments, suggest that the mortality rate from cardiovascular diseases in diabetic patients without acute myocardial infarction (AMI) is similar to without DM2 patients with anterior myocardial infarction (2) . The association between diabetes and cardiovascular disease is demonstrated not only in patients with DM2, but also in earlier stages of the disease as impaired glucose tolerance or abnormal fasting glucose (3, 4) .
The impact of diabetes on coronary heart disease can be clearly observed in several large case series studies, such as Whitehall, Paris Prospective Study, and the Helsinki Policeman Study, which demonstrated that patients with diabetes and impaired glucose tolerance have 2-4 times higher risk of developing cardiovascular disease than the non-diabetic patient population (5) (6) (7) . Another feature observed in these subjects is high probability of presenting silent myocardial infarction. Non-specific or atypical symptoms, such as dyspnea, abdominal pain, and confusion were reported by 32% to 42% of diabetic patients with AMI compared with 6% to 15% of non-diabetic patients (8) . Cardiovascular neuropathy, affecting myocardial sympathetic and parasympathetic fibers, is one of the mechanisms responsible for the increased incidence of silent infarctions in these patients. Postural hypotension and rest tachycar-dia include other symptoms of cardiovascular neuropathy that occur in diabetic patients with long-term poor glycemic control.
In diabetic patients, CAD is often detected at more advanced stages of the disease in comparison with the overall population, as in diabetic subjects, the arteriosclerotic process develops faster and earlier, and the patient remains longer asymptomatic for CAD. Atherosclerotic plaques in DM are usually characterized by their large volumes and lipid cores, which induce large remodeling rates in the affected vascular segment and have thin fibrous caps with intense inflammatory process that make them more vulnerable to rupture and may cause an acute coronary event. Diabetics also have more extensive, diffuse, and severe coronary artery involvement, which are factors associated with a worse prognosis. Necropsy studies in diabetic patients without evidence of CAD demonstrated that 50% and 75% of patients below and above 65 years old, respectively, had CAD in advanced stages (9) .
Prospective, long-term clinical studies (10, 11) showed that adequate glycemic control associated with early treatment of other cardiovascular risk factors, such as obesity, hypertension and dyslipidemia are associated with lower morbidity and mortality in diabetic patients. Therefore, it is recommended that these patients are treated intensively at an early stage of the disease. However, as these conditions cannot be easily met in clinical practice due to the lack of patient compliance, limited access the required medications, and even due to the risk of cardiovascular acute events associated to hypoglycemia observed in patients undergoing intensive glycemic control. Therefore, the detection of CAD in asymptomatic patients can be valuable in raising the expectation and quality of life of these patients.
HOW CAN ASYMPTOMATIC CAD BE DIAGNOSED IN DIABETIC PATIENTS?
Several methods have recently been developed for the diagnosis and management of coronary lesions. Presently, conventional angiography remains as the gold standard for CAD diagnosis in patients with clinical suspicion or evidence of the disease, but it is controversial to use of this technique as a diagnostic routine method due to its invasiveness and the potential adverse effects of contrast injection, such as AMI, tachyarrhythmia, arterial obstruction, and bleeding. There is also the limited applicability as a routine technique for the diagnosis of asymptomatic patients due to its high technological complexity and cost. Moreover, in a recent retrospective study, Patel and cols., evaluating the results of the American College of Cardiology Data Registry in approximately 400,000 patients without known CAD who were undergoing elective catheterization, revealed the presence of obstructive CAD only in one third of the patients, suggesting that its routine use should be avoided, except when there is evidence indicated by other less aggressive diagnostic methods (12) . The authors concluded that better strategies for risk stratification are needed to inform decisions and to increase the diagnostic yield of cardiac catheterization in routine clinical practice.
Therefore, we will discuss below other alternative strategies, including new, less invasive imaging techniques, that have been developed for the detection of CAD.
FUNCTIONAL INDIRECT TESTS THAT DETECT MYOCARDIAL ISCHEMIA
The presence of myocardial ischemia can be evidenced by electrocardiographic changes through imaging techniques that assess abnormalities of myocardial perfusion using nuclear markers, such as computed tomography single photon emission tomography (SPECT), and by evaluation of changes in myocardial wall motion (echocardiography with pharmacological or physical stress). The functional tests that assess ischemia have better accuracy when performed during physical stress, such as exercising, or by using pharmacological agents including dobutamine, adenosine, and dipyridamole, which act indirectly by inhibiting the uptake and degradation of adenosine. Tests that use contrast markers, such as SPECT and cardiac magnetic resonance imaging, enable an integrated assessment of perfusion and cardiac function at rest and after stress. The next paragraphs describe the characteristics of some these routinely used diagnostic methods.
Electrocardiogram
The electrocardiogram (ECG) at rest can evidence prior coronary ischemia not recognized by as acute coronary syndrome by means of electrocardiographic changes, such as prominent Q wave and T-wave inversion. However, its sensitivity is very low. The continuous evaluation of the 24-hour ambulatory electrocardiogram can increase the diagnostic efficiency in detecting electrocardiographic signs of transient ischemia, but its sen-Screening heart disease in diabetic patients Arch Endocrinol Metab. 2016;60/2 sitivity for CAD is still low (19% to 62%) (13, 14) . The prevalence of silent myocardial ischemia in diabetic patients ranges from 35% to 58% in studies that used the ambulatory electrocardiogram (15, 16) .
The use of the electrocardiogram during exercise increases the sensitivity of the method. In a meta--analysis (17) with approximately 24,000 patients who underwent conventional angiography and stress ECG, it was estimated that the electrocardiogram in effort showed sensitivity and specificity of 68% and 77%, respectively, in CAD diagnosis. Sensitivity was higher in patients with CAD affecting three arteries. In an evaluation of exercise electrocardiography and coronary angiography for the identification of significant coronary stenosis conducted in 59 diabetic patients, sensitivity and specificity of exercise testing compared with conventional angiography were, respectively, 75% and 77% (18) . The positive predictive value of the electrocardiogram per year in predicting CAD is estimated in 70% (19) . In addition to the low sensitivity and specificity, this test is often inconclusive and inappropriate for diabetic patients (approximately 32%) due to physical disability and vascular and neuropathic changes that make it difficult to reach the submaximal heart rate in the stress test.
Myocardial perfusion imaging (SPECT -single photon emission computed tomography)
Performed with the infusion of radioactive contrast (thallium or Sestamibi), this test yield multiple data, such as: location of lesion, extent of myocardial ischemia and left ventricular function, which can aid in determining the severity of the case. Exercise can be replaced by pharmacological stress (dipyridamole or adenosine). Scintigraphy has better sensitivity (80-90%) and specificity (75-90%) when compared with stress ECG in diabetics (18) . Its main advantage is its high negative predictive value (95%). In the overall population with CV risk factors or previous CAD, the negative of result myocardial scintigraphy predicts less than 1% risk of death or myocardial infarction every year (20) . In the asymptomatic diabetic population, the risk of cardiac events in five years is significantly higher with abnormal SPECT compared with absence of ischemia: respectively, 19.2% and 1.9% (21) . Any myocardial ischemia involving areas greater than 10% of the left ventricle leads to coronary angiography (21) . Currently SPECT is the most widely used test to assess silent myocardial ischemia in asymptomatic diabetic patients unable to perform adequate physical exercise testing.
The DIAD study (22) that screened asymptomatic diabetic patients for CAD by means of stress using adenosine showed myocardial perfusion deficit in 22% of 522 patients. In this study, the most important predictors of abnormal results were cardiac autonomic dysfunction, particularly the Valsalva maneuver (OR = 5.6), male gender (OR = 2.5), and duration of diabetes (OR = 5.2). In other study, Kharlip and cols. (23) evaluating the results of 116 myocardial scintigraphies of asymptomatic diabetic patients and observed perfusion deficit in 33.6% of patients, but the frequency of CAD that was confirmed by angiography was very low, only 11.2% for moderate or severe disease.
Stress echocardiography
Performed during physical exercise or pharmacological stress (dobutamine), it is in an alternative to detect silent myocardial ischemia in the overall population. This test detects motion abnormalities of the heart walls during stress, and provides information about the size and location of the ischemic area, as well as left ventricular function. In asymptomatic diabetic patients, the sensitivity and specificity of the method for CAD diagnosis are, respectively, 81% and 85% (24) . A three-year follow-up of asymptomatic diabetic patients with negative stress echocardiograms demonstrated that the probability of a cardiovascular event was lower than 2% every year. In fact, this test has diagnostic and prognostic accuracy similar to SPECT, but with lower cost. However, it has some limitations, such as difficulty in interpreting the images in obese patients, and the inability of individuals to reach adequate heart rate during echocardiography, even when using vasoactive drugs, such as dobutamine and atropine.
A study performed to evaluate the effectiveness of screening, proposed by the ADA in 1998, assessed CAD in asymptomatic type 2 diabetics. Scognamiglio and cols., performing echocardiography with dipyridamole in 1899 asymptomatic type 2 diabetic patients below 60 years of age, observed that 59% of the tests were abnormal, but this elevated prevalence of ischemia was confirmed as significant CAD by conventional angiography only in 736 patients (65%). This finding indicates the low specificity of the method for significant CAD diagnosis compared with conventional angiography (25) . This discrepancy is probably related to differences in diagnostic strategies, when an indirect method that detects CAD by ischemia is compared with another method (angiography) that provides direct observation of anatomic coronary alterations.
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Imaging methods most commonly used to define the anatomic extent of atherosclerotic disease
The atherosclerotic process is responsible for the high morbidity and mortality of cardiovascular disease in diabetic patients. Therefore, there is growing appreciation and improvement of non-invasive imaging techniques to detect these lesions. In addition to accurate diagnosis and low risk of complications, these methods enable the analysis of atherosclerotic plaque features that provide information on the prognosis of the patients.
Echo-Doppler ultrasound of the carotid
The measurement of the average thickness of the intima-media thickness (IMT) of the carotid artery has been widely used as a marker of atherosclerotic disease. It consists of a non-invasive method that aids in the stratification of cardiovascular risk. The test is simple, fast and low cost, but the technique is not standardized. Carotid thickness may be assessed by ultrasonography in two different ways:
1. Multiple IMT measurements of the three main segments of the carotid: common carotid artery; carotid bifurcation; internal carotid artery bulb.
2. IMT computerized measurement of common carotid artery.
In type 2 diabetic subjects, IMT ranges from 0.71 to 0.98 mm and, in controls, from 0.66 to 0.85 mm (26) . In several studies, IMT was determined by ultrasound as an independent and non-invasive risk predictor for coronary artery disease, stroke, and peripheral arterial disease (27) (28) (29) (30) . The European Society of Cardiology and the American Heart Association recommend measuring IMT by ultrasound to identify subclinical cases of cardiovascular disease (31) .
However, carotid ultrasound has some limitations. There is a variability in the IMT measurements between observers, hindering the reproducibility of the data. Carotid regions with high susceptibility for atherosclerosis (bulb and bifurcation) are areas of difficult access to ultrasound since thickness of this vessel varies according to age, sex, blood pressure, and patient ethnicity. Therefore, it is not possible to determine a single reference value for the overall population.
Calcium score (CS)
Calcium score is a non-invasive method that detects the amount of calcium deposited in the coronary artery. Multidetector row computed tomography is employed in CS determination. Agatston and cols. (32) developed a coronary CS algorithm based on calcification density of the plaques, which is universally used to represent this index. CS is an estimate of the amount of calcified plaques in an individual, but it is not the total amount of corresponding plaques, or the percentage of luminal narrowing of coronary arteries. The MESA study, with 6,814 patients without known CAD, concluded that the inclusion of the CS in the coronary disease risk factors improved risk stratification for CAD (33) . The PREDICT study demonstrated a positive correlation between CS and the following parameters: age, male gender, diabetes duration, hypertension, and waist-to-hip ratio (34) .
According Raggi and cols. (35), positive correlation between the risk of death and CS increase was observed both in DM and non-DM groups. However, there was a significant increase in mortality of DM group for similar CS in both populations [increase in 44% in the risk of death for each increase in calcium score (p = 0.001)]. However, in another study, Qu and cols. did not find a significant association between coronary events and CS in 269 individuals with DM followed up for six years (36) . Furthermore, diabetic subjects with CS over 2.8 (considered low risk) presented four times higher values for coronary events, suggesting that the CS may underestimate the risk of CAD in diabetic patients (36) . This fact is possibly explained by the different composition of the diabetic arteriosclerotic plaques in which lipid content, number of macrophages, inflammation substances, and quantity of thrombogenic substances are higher than those observed in the non-diabetic population, making DM patients more vulnerable to plaque rupture and coronary events. In the PREDICT study (34), designed to evaluate the validation CS as a cardiovascular event predictor in asymptomatic type 2 diabetic patients, there was a significant positive correlation (p < 0.001) between the CS value and the probability of a cardiovascular events over time in the population studied.
Intravascular ultrasound (IVUS)
It is an invasive procedure that is performed during cardiac catheterization, in which a transducer is placed at the end of the coronary catheter and introduced into the artery. Using high frequency sound waves, it yields detailed images of the inner wall of the coronary artery. Angiography reveals a two-dimensional image of the coronary artery, but the IVUS shows a cross section of the lumen of the vessel and differentiates the three coronary layers, enabling a 360° characterization Screening heart disease in diabetic patients Arch Endocrinol Metab. 2016;60/2 of the arterial lumen. Three types of plaques are shown: hypoechoic (which indicates high amount of lipids); fibrous (which shows echogenicity similar to the adventitia layer, with high collagen and elastin content), and calcified (which shows hyperechoic components, producing acoustic shadowing of the vascular structures). The characterization of hypoechoic plaques has been proven to be useful in detecting vulnerable plaques. Lesions with increased risk of rupture and thrombosis are often associated to acute coronary syndromes.
Performing IVUS few weeks after heart transplantation in a cohort of 262 patients, Nissen observed high prevalence of coronary atherosclerosis in young patients between 20 and 30 years (37), despite the fact that conventional angiography was normal in 97% of these patients. The finding of high frequency of important atherosclerotic lesions in asymptomatic young patients by IVUS emphasize the early onset and the long latency period for the development of arteriosclerotic disease.
Since most of AMI are shown not to be associated with severe stenosis of the coronary arteries, but related to plaque rupture not visualized by conventional methods and that can be detected by new imaging technology that identifies plaque characteristics, makes these new imaging technique (IVUS) a potentially powerful and advanced diagnostic method for CAD detection. However, the relative weight of these two parameters of risk have not been adequately elucidated. In a recent publication of the CONFIRM study results (38) the importance of significant coronary stenosis was also demonstrated (obstruction > 50% of lumen) in worsening the prognosis of these patients. In this study, 10,110 CT angiography (3,370 examinations in diabetic patients and 6,740 patients without diabetes) were performed to assess CAD in individuals with CAD suspicion that were followed up for an average of 2.2 years. In the results, DM status and significant CAD were significantly associated with a nine-fold increase in mortality risk compared with individuals without diabetes and CAD, with statistical significance (HR 9.39 [4.8 to 18.2], p < 0.0001). In 62% of males and 50% females, myocardial infarction was the initial manifestation of CAD (39) .
Multislice computed tomography (MSCT)
MSCT is a relatively simple and fast method that presents a growing technological evolution. Currently, the CT scan obtained by 320-detector row scanners is considered as the standard for clinical use. It is a non-invasive method to visualize the coronary artery, detect the degree of stenosis caused by the deposition of atheroma plaques in this vessel, and determine the coronary calcium score. It also provides information about the composition of the plaques, the presence of remodeling and extension of coronary lesions, as seen in Figures 1 and 2 . When compared to invasive angiography, MSTC with 64 rows of detectors, demonstrated high sensitivity (between 83% to 99%), specificity (93% to 98%) and negative predictive value (99%) in a total of 542 patients in 9 studies (40, 41) . A multicenter study with 291 patients with CAD suspicion evaluated the accuracy of 64-row MSCT compared with conventional arteriography and showed arterial occlusion in 50% of patients in both methods (42) . MSCT enables the classification of different types of plates. The plaques can be classified according to the calcium composition in non-calcified, mixed, and calcified. In acute coronary events, a predominance of the non-calcified and mixed plaques was observed (43) . A study comparing the ability of MSCT to detect calcified and non-calcified plaques in comparison to IVUS, Achenbach and cols. evaluating 22 patients without significant coronary stenosis observed by MSTC the diagnosis for calcified plaque: 94% sensitivity and specificity and non calcified plaque: a sensitivity of 78% and specificity of 87%. The authors concluded that MSTC showed less accurate detection of non-calcified plaques compared with IVUS, and underestimated the volume of plaques by segment (44) .
Motoyama (45) , comparing the characteristics of the plaques associated with acute events in 38 patients with arteriosclerotic lesions in 33 patients with stable angina using MSTC, demonstrated a significant correlation of the plaques with rupture and acute coronary events when the presence of the following plaque features were present: 1) considerable vascular remodeling; 2) non-calcified plaques with low attenuation (density < 30 HU); and 3) spotty calcification of the plaques. Recently, in another study using MSCT (46), the same investigators followed 1,059 patients for 27 ± 10 months and demonstrated, in 45 patients with CAD plaques that showed simultaneously two traits instability (positive remodeling and low attenuation of atherosclerotic plaques), higher incidence of acute coronary events compared with individuals with plaques that did not show these two characteristics.
The limitations to the use of MSCT are related to patient exposure to radiation (MSCT 320: 1-2 MSV), lower accuracy in the presence of calcification, severe artifacts associated with cardiac motion, low applicability in the cases of arrhythmias and severe obesity, use of iodinated contrast with nephrotoxic potential, and high cost for routine clinical use. Despite the fact that morphological assessment of atherosclerotic plaque and degree of coronary stenosis by IVUS and conventional coronary angiography, respectively, continue to be considered as gold standard methods for CAD, MSCT is presented as a very useful alternative, as it is a non-invasive method and, therefore, has low risk of complications, making it potentially recommended.
What is the best diagnostic method for the detection of cad in patients with diabetes?
The results of the studies evaluating the use of various diagnostic methods for CAD have shown a prevalence of positive findings for coronary alterations higher than 25% in asymptomatic diabetic patients, revealing fundamental importance of the identification of patients with established atherosclerotic disease (22, 23) .
However, some issues still remain controversial: 1. What would be the best test to be carried out?; 2. Is there a subgroup of diabetic patients that are more prone to CAD?; 3. What is the ideal time for testing? All these questions need to be answered in order to optimize their cost-benefit ratio and preventing the use of sophisticated imaging methods of less applicability for routine clinical use in the screening of diabetic patients for coronary disease. However, if it is considered that virtually all diabetic patients have an intrinsic increased cardiovascular risk, so the indication of screening would be based in expectation and quality of life of patients.
Diabetic patients with multiple risk factors associated with metabolic syndrome, especially with inadequate glycemic control for longer periods should be evaluated. In these patients, the use of imaging techniques, especially CT angiography proved to be most appropriate, sensitive, specific, and safe compared with other functional techniques. The electrocardiogram at rest and in effort demonstrate relatively low sensitivity and specificity for the diagnosis of coronary ischemia in diabetic patients. The diagnostic sensitivity of myocardial perfusion scintigraphy and stress echocardiography show good and fairly similar results, but they are functional tests that assess ischemia triggered by stress and not the anatomy of the coronary arteries..
Recently, there has been increasing interest on the use of imaging techniques that directly detect arteriosclerosis, especially MSCT. CS is a method that adds prognostic value to CAD prediction, but results cannot be assessed alone. MSCT presented the following advantages: high sensitivity and specificity in the detec- Therefore, the indication and choice of one of several methods available for the diagnosis of asymptomatic CAD still depends on major technological advances and mainly on conducting further studies to determine the role of these new methods in early diagnosis screening of asymptomatic diabetic patients. The table at the end of the article is a summary of this review, showing the most important features of each diagnostic method discussed above ( Table 1 ).
Which diabetic patient should undergo screening for CAD?
In principle, all patients with diabetes, especially those with poor, long-term glycemic control are at increased cardiovascular risk. However, the presence of specific risk factors such as not clinically manifest macroangiopathy, changes in electrocardiography at rest, micro-macroalbuminuria, cardiac autonomic neuropathy, and longer duration of diabetes, premature family history of CAD (men < 55 years and women < 65 years old), obesity, dyslipidemia, smoking, and high blood pressure, increase the probability for the patient develop an acute cardiovascular event regardless of the presence of coronary symptoms.
However, since an overall analysis of available studies do not demonstrate fully conclusive results or have limited applicability, the American Diabetes Association does not recommend routine screening for CAD in asymptomatic diabetic patients for believing that survival does not increase in relation to the intensive clinical treatment of cardiovascular risk factors. Therefore, these methods are reserved only for patients with typical or atypical cardiac symptoms or abnormal ECG at rest (47) .
In people with diabetes, the diagnosis of coronary artery disease based on clinical symptomatology has lower reliability. Coronary atherosclerotic plaques develop early, in a more diffuse and accelerated rate when compared with the overall population, therefore a more careful screening for CAD in diabetic patients is justified to improve patient survival.
Commentaries and conclusions from the authors
Diagnosis of CAD is usually not routinely performed by general practitioners and endocrinologists in diabetic subjects in our country, except when this disease or signs symptoms of coronary ischemia is suspected. In these cases, resting electrocardiogram or after exercise are the most frequently requested test. Due to the high costs, lack of availability, and difficulty to set appointments Screening heart disease in diabetic patients Arch Endocrinol Metab. 2016;60/2 with new imaging tools, only few of patients undergo testing with more advanced imaging technologies. Currently, the most recommended technique for CAD screening in these selected patients is myocardial perfusion scintigraphy or stress echocardiography because they have greater sensitivity and specificity in relation to the exercise test. Furthermore, besides the economic barrier, invasiveness, high radiation exposure, and potential side effects associated to many of these techniques also limit the wider use of these modern technologies in early detection of CAD. However, the fast and continuing observed advances in efficacy and safety, increased ease of use, more efficiency and safety, and lower costs of these new imaging methods may enable their wider use as diagnostic tools for CAD in the near future.
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